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Several observations from Fermi-LAT, up to few hundred GeV, and from H.E.S.S., up to ~ 10 
TeV, reported an intense 7 -ray emission from the inner part of the Galactic plane. After the 
subtraction of point-like contributions, the remaining 7 -ray spectrum can provide important hints 
about the cosmic-ray (CR) population in that region. In particular, the diffuse spectrum measured 
by both Fermi-LAT and H.E.S.S. in the Galactic Ridge is significantly harder with respect to 
the rest of the Galaxy. These results were recently interpreted in terms of a comprehensive CR 
transport model which, adopting a spatial dependent diffusion coefficient and convective velocity, 
reproduces Eermi-LAT results on the whole sky as well as local CR spectra. We showed as 
that model predicts a significantly harder neutrino diffuse emission compared to conventional 
scenarios: The predicted signal is able to account for a significant fraction of the astrophysical 
flux measured by IceCube. In this contribution, we use the same setup to calculate the expected 
neutrino flux from several windows in the inner Galactic plane and compare the results with 
IceCube observations and the sensitivities of Mediterranean neutrino telescopes. In particular, for 
the ANTARES experiment, we compare the model expectations with the upper limits obtained 
from a recent unblinded data-analysis focused on the galactic ridge region. Moreover, we also 
show the expectations from the galactic ridge for the future KM3NeT observatory, whose position 
is optimal to observe this portion of the sky. 
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1. Introduction 

In 2006, the High Energy Stereoscopic System (H.E.S.S.) reported the observation of a 7 - 
ray emission [1] from the Galactic Ridge (GR) region: —0.8° < I < 0.8°, \b\ < 0.3° in Galactic 
coordinates. After the subtraction of the point-like component associated to Sagittarius A [2] and 
the SNR GO.9-1-0.1 [3] , the spectrum of the diffuse emission was fitted using a power-law with index 
r = —2.29 ±0.01 star ±0.20iyi. The hard slope of the emission and its positional coincidence with 
the Central Molecular Zone (CMZ) cloud complex in the central 200 pc of the Milky Way led 
the H.E.S.S. collaboration to argue in favour of its hadronic origin. Nevertheless, the spectrum 
measured by H.E.S.S. is significantly harder than expected from Tio-decay if the CR spectral shape 
in the GC region is assumed to be similar to the locally observed one, as assumed in all conventional 
CR transport models. In principle such discrepancy may be just a local effect due to the proximity 
between the dense molecular gas with some CR sources located in the complex GC region [1], 
although no compelling evidences have been provided so far in favour of that interpretation. On 
the other hand, a leptonic origin of the GR emission cannot be excluded a priori, as it may arise 
from bremsstrahlung of ultra relativistic electrons onto the molecular gas [4, 5]. 

We recently showed that the Eermi-EAT data suggest a different interpretation. Our scenario is 
based on a new phenomenological model proposed in Ref. [ 6 ] and implemented with the DRAGON 
code [7]. That model assumes a radial dependence for both the rigidity scaling index 5 of the 
CR diffusion coefficient and the convective wind. This setup was introduced in order to solve 
the discrepancy between conventional models predictions and the spectrum of the 7 -ray diffuse 
emission measured by Eermi in the inner CP region [ 8 ]. Since the model assumes that 5 increases 
with the galactocentric radius R, it predicts a hardening of the CR propagated spectrum hence of 
the 7 -ray diffuse emission in the inner Galaxy. 

In Ref. [9] we showed that, if the CR hardening measured by PAMEEA and AMS-02 at about 
250 GV is taken into account in this setup (hereafter, KRAy model), it is possible to consistently 
reproduce both the 7 -ray measurements by Eermi-EAT and those taken by several ground experi¬ 
ments above the TeV. This is the case of the 7 -ray emission measured by Milagro experiment in the 
region (30° < / < 65°,|Z7| < 2°) with a median energy of 15 TeV, solving a long standing problem 
faced by conventional models [10]. In this work we show as the KRA^ model also consistently re¬ 
produces Eermi-EAT and H.E.S.S. data in the GR region (see also [11]). In both regions the origin 
of the emission is dominated by hadronic scattering. 

The fact that the KRAy scenario predicts a significantly harder CR spectrum in the inner 
Galaxy has also relevant consequences for neutrino astronomy and may change the standard predic¬ 
tions regarding the diffuse neutrino emission (see e.g. [12]). This is very interesting in light of the 
recent IceCube detection of 37 neutrino events with energy above 30 TeV corresponding to a 5.7 a 
excess on top of the atmospheric background [13]. The inferred flavour composifion is compatible 
wifh a mixfure of elecfronic, muonic and fauonic neufrino in equal amounfs as expecfed if fheir 
origin were asfrophysical. Recenf analyses [14, 15] based on neufrino evenfs wifh vertices con- 
fained in fhe defector allowed fhe IceCube collaboration to lower fhe energy fhreshold and fo mea¬ 
sure fhe exfraferresfrial diffuse neufrino specfrum: <I>v = x 10^*^ (Ey/lO^ GeV) 

* Speaker. 

footnote may follow. 
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GeV ^cm ^sr ^ ^ for 25 TeV < Ey < 2.S PeV. This spectrum is considerably softer than what 
should by expected from known extragalactic sources and suggests a significant component in the 
measured flux of diffuse galactic origin. 

In Ref. [9, 11] we showed as the KRA^ model predicts between 10 and ~ 40 % of the 37 
cosmic neutrino events depending on the poorly known details of the CR spectrum/composition in 
the knee region. This result is in accordance with a recent statistical analysis [16] that gives to the 
diffuse Galactic emission a maximum contribution of 50% to the total astrophysical signal mea¬ 
sured by IceCube.The fraction of Galactic neutrinos, however, grows considerably in the GC region 
where the diffuse Galactic emission is expected to dominate. Unfortunately IceCube can only ob¬ 
serve downward shower-like events with a poor angular resolution (~ 15°) from this region of the 
sky. This strongly limits the identification power of the source and the background discrimination. 
Neutrino telescopes on the North hemisphere, instead, can detect upward track-like events due to 
v^’s coming from the GC with a much better resolution (~ 1°), and may offer better perspectives 
to reveal the emission expected for our scenario. 

In this contribution we compare our prediction with IceCube results and ANTARES upper 
limits as computed with a recent unblinded analysis focused on the GR region. Some preliminary 
expectations for the future KM3NeT[17] experiment are also deduced. 

2. The 7-ray emission in the Galactic ridge window 


III < 0.8° Ibl < 0.3° 




Figure 1: In the left plot: The computed y-ray diffuse emission from the Galactic ridge region compared 
with Fermi-LAT and H.E.S.S. data. For each model the spectrum normalization was varied to minimize the 
against the data. The spectral components are shown for the KRA-y model only. Fermi-LAT; 5 years 
of data, within the event class ULTRACLEAN according to Lermi tools v9r32p5. In the right plot: The 
comparison of the KRA-y spectrum and the Lermi-LAT data for the more extended region |/1 < 30°, \b\ <4°. 
The 5 years Lermi-LAT data are computed with the same tools of the left plot. 

In this section we shortly summarize the main achievements (already reported in [9]) of the 
KRAy model regarding the spectrum of the y-ray diffuse emission in the inner GP and in the GR. 
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We compute the y-ray spectrum starting form the CR proton and Helium densities all over the 
Galaxy computed with DRAGON. For each selected angular bin, we integrate along the line of sight 
the y-ray emissivity given in [18], accounting for the energy dependence of the pp inelastic cross 
section (significant above the TeV). This is done using Gamma Sky, a dedicated code designed to 
compute diffuse y-ray maps. This code features, among other options, the gas maps included in the 
public GALPROP package (see e.g. [19, 8] and references therein). For the GR window we also 
cross check our results with a more realistic gas distribution [20] in the inner Galaxy. We disregard 
the y-ray opacity due to the interstellar radiation field since if is negligible up fo few fens of TeV. 

Our resulfs for fhe GR window (|Z| <0.8°, \b\ <0.3°) are reporfed in Fig.l. As menfioned 
above, a represenfafive conventional model (KRA) wifh fhe same properfies as fhe Fermi benck- 
march model (see Ref. [6]) cannof consisfenfly mafch Fermi and H.E.S.S. dafa. A combined fif 
of Fermi-LAT dafa above 10 GeV and H.E.S.S. dafa is unsatisfactory for fhaf model (ifs reduced 
is 2.92). The KRAy sefup, instead, is more successful: The reduced x^ is 1-79. Therefore we 
conclude fhaf fhe KRA^ sefup provide a satisfactory descripfion of y-ray dafa emitted by GR region 
from few GeVs up fo several TeVs. 


3. High-energy Neutrino flux from the inner galactic plane 


III < 180° Ibl < 7.5° 
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Figure 2: The computed neuttino spectra for KRA and KRAy models over the entire galactic plane (left 
panel) and for the same region considered in [16] (right panel). Green points: spectra of the atmospheric 
neutrinos obtained with 3 years of IceCube data in those regions. The black stars in the left plot are obtained 
in [16] with the standard GALPROP code assuming a uniform diffusion coefficient. 

Recently, the IceCube collaboration reported the detection of 37 neutrino events of cosmic ori¬ 
gin [21] with a significance of 5.7a. The sky dislribulion of fhe reconslrucled evenls did nol show 
any significanl correlalion wifh fhe posifion of known galaclic or exlragalaclic sources. However, 
fhe associalion wifh a particular source or region of fhe sky is difficull due fo bad angular resolution 
of shower-like reconslrucled evenls (represenling 29 neulrinos). The 37 evenls are reported in fhe 
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Figure 3: Left plot: The cosmic neutrino skymap obtained with 3 years of IceCube data. Red cross: Track¬ 
like events; Red dots: Shower-like events. The gray surfaces indicate the estimated angular uncertainties 
for each of these 37 events. As we can see only 3 of these events can be associated to the region |1| < 30° 
and 1^71 <4°. Right plot: The skymap of neutrino events obtained with KRAy at 1 TeV (the shape does not 
change significantly at larger energies). The same inner region is highlighted in red. 


skymap of Fig. 3 (left panel). 

Here, we report the v spectra in several regions of the Galactic plane computed with the KRAy 
setup using the and Vg emissivities tuned on accelerator and CR data [22, 23]. We also account 
for the neutrino oscillations, which redistribute the composition almost equally among all the three 
flavours. As we did for y-ray emission, we only consider proton and helium CRs/gas since heavier 
nuclear species give a negligible contribution in the energy range we consider [24]. 

Our prediction for the neutrino spectra integrated over the entire Galactic plane and in the 
inner region are reported in Fig. 2. The differences between the predictions of the conventional 
KRA setup and that of the KRAy model featuring a spatial dependent diffusion coefficient are 
considerable. In particular, as we can see from the right panel of Fig.2, in the innermost part of the 
Galactic plane the neutrino flux computed with the KRAy model becomes significantly larger than 
the conventional KRA model and the expected signal exceeds the atmospheric V flux measured by 
IceCube experiment at ~ 20 TeV for both choices of the CR cutoff. 

At the moment, IceCube results do not allow to infer strong constrains on the KRAy model. In 
fact, being the GR region all the time above the IceCube horizon, most of the reconstructed cosmic 
V from this region are represented by high-energy shower-like event with a poor angular resolution. 
In Fig. 4 we report the IceCube astrophysical flux corresponding to the events compatible with the 
central region defined by |Z| < 30° and jZ?! < 4° as derived in [25, 26] considering the IceCube data 
sets of 28 and 37 events [27, 21] showed in Fig. 3. 

For a spatial analysis of neutrino emission from the GR, the Mediterranean neutrino telescopes 
are favored considering that the region is almost all the time below the horizon. For this reason, in 
the following paragraph we also discuss the expected sensitivity for the future KM3NeT observa¬ 
tory and the upper limits set by Antares experiment, through a unblinding analysis. 

4. Neutrino expectations for the Mediterranean telescopes considering the KRAy 
model 

The undersea neutrino telescopes located in the Mediteiranean Sea have the capabilities to 
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III < 30° Ibl < 4° 
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Figure 4: The expected neutrino spectra in the inner Galactic plane region computed for the conventional 
KRA and our KRAy models are reported. We also show experimental constrains from IceCube (662 and 988 
days of livetime) and ANTARES observations (upper limits obtained with 1500 days of livetime) as well as 
the deduced sensitivity for the future Mediterranean KM3NeT[17] considering 4 years (~ 1500 days) of data 
taking. 


observe the inner GP emission with a good sensitivity and angular resolution below few hundreds 
TeVs. This is mostly due to the possibility of reconstructing up-going signal coming from this 
region. 

Here we present the capabilities of ANTARES and future KM3NeT to constrain the emission model 
from the central region of the GP |Z| < 30° and \b\ <4°. 

In the last few months an unblinding analysis for this region was performed with the ANTARES 
reconstructed events collected between 2007 and 2013 [28] corresponding to a 1500 days of 
experiment livetime. This analysis covered the energy range between 3 and 300 TeV and did not 
find any significant signal excess with respect to the estimated expected background. This turned 
in 90% confidence level upper limif reported in Eig. 4. We see from that figure fhaf a naive exfrapo- 
lafion of fhe flux measured by Eermi (accounfing for a v/y ratio ~ 1.3 [29]) is already excluded by 
ANTARES results if the homogeneity for the three neutrino flavors is assumed. Instead, our KRAy 
model, which accounts also for the leptonic and extra-Galactic contributions to diffuse y-ray flux 
measured by Eermi (see Eig. 1) is consisfenf wifh fhaf limit. 

Here we also present the extrapolated sensitivity of the future KM3NeT considering the inner 
Galactic region. The orange line reported in Eig. 4 shows that in 4 years (~ 1500 days) of data 
taking this experiment can give a comprensive picture of the galactic cosmic-ray transport discrim¬ 
inating between the standard KRA and the proposed KRAy model. 
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5. Conclusions 

In this work we used the already introdueed KRAy model, featuring a radially dependent 
diffusion eoeffieient in our Galaxy, to deseribe the expeeted diffuse y-ray and neutrino emissions 
from the Galaetie ridge region. 

We first showed that our setup is able to reproduee the H.E.S.S. and Fermi y-ray speetra for the 
inner Galaetie plane. With this important validation in hand, we eomputed the expeeted neutrino 
speetra for different regions of the Galaetie plane. We showed how the neutrino fluxes obtained 
with the KRA-y is signifieantly larger than the predietions of the eonventional seenarios. We also 
eompared our predietions with the experimental eonstraints obtained from leeCube and ANTARES 
data, and diseussed the exeiting future opportunities provided by the KM3NeT projeet. The lee¬ 
Cube eonstrains to the possible neutrino speetra were obtained eonsidering the eosmie events possi¬ 
bly related to the inner Galaetie region \l\ < 30° and \b\ < 4°. Instead, for ANTARES, we reported 
the upper limits obtained with 2007-2013 data for the same region between 3 and 300 TeV. 
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